




















































the 4 ft. contour to the 3 ft. contour where the first sampling station on each 

transect was established and thus giving an unrealistic impression of a large 

increase in curled pondweed between July and September. 

Bushy pondweed and narrowleaf pondweed became moderately abundant in 1975 

but the former greatly declined by the next year while the latter faded in 1977. 

Chara sp. (not included in Figure 5) was not found in 1974 surveys but became 

fairly common in 1975 and then declined in subsequent years In 1975 it oc

curred at 13 and 33 percent of the stations under 5 ft. in June and September, 

respectively, and at 8 and 4 percent of the 5-10 ft. stations However, it 

was sparse with mean density ratings never above l~. 

Bottom Fauna 

Carls Lake was undergoing continuing change in chemical, physical, and 

biological conditions throughout the study period which may have influenced 

results of the bottom sampling directly and by affecting sampling procedure. 

Together the unstable fishery and the rotenone treatment probably had the 

largest impact on bottom fauna composition and abundance and because of the 

possible impact of rotenone a more extensive examination of trends is pres-

ented in the following section In general, however, from 1974 to 1977 

there was a change in species composition as shown increase in the number 

of taxa found and the mean diversity index (Table 5). There was an increase 

in the total number of 

no significant difference as 

dard error in the fall of 

as 

fall 

which was due to a 

collectfons but 

st an-~ 

standard error in 

numbers of the abundant collected at shallow stations where 

lake bottom types were transitional (Table 6) The summer counts are not 

very reliable because of the instability of most insect populations during 
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Figure 5.- Abundance of the major submerged macrophytes in Carls Lake. 
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warm weather. 

Table 5. Carls Lake bottom fauna; number of taxa (s), mean total number of 
organlsms per square meter (N), and mean diversity (d); standard 
error (n=J) of Nin parentheses 

Apr. 
24 

s 17 

1974 
July 

31 

13 17 

May 
6* 

20 

N 1,636 1,594 4,527 3,282 
(77) (23) (208) (llO) 

1975 
July 

30 
Oct. May 
8** 4. 

29 17 19 

1976. 
Aug. 

3 

23 

Oct. 
13 

21 

2,250 1,487 1,056 4,201 4,702 
( 100) ( 164) ( 18) ( 40) ( 144) 

'.M'.a"y July 0 ct • 
10.. 26 18 

26 29 28 

5,148 2,141 5,824 
( 338) ( 167) ( 593) 

d 1.62 2.15 1.90 2.04 3.35 2.78 2.81 2.04 2.91 J.03 3.43 3.31 

* Following winterkill 
** 16 days after Chem-fish treatment 

ROTENONE TREATMENT 

Treatment 

On September 22, 1975 the 2.5 percent rotenone formulation Chem-fish±! 

was applied at the surface of Carls Lake by helicopter at the rate of 3 

mg/l (0.075 mg/l rotenone). The next day many dead northern pike finger-

lings, fathead minnows, and bullhead fingerlings were found but only a 

few adult bullheads had succumbed. Many bullheads were seen swimming in 

distress but apparently recovering. All northern pike and fathead minnows 

confined in live boxes on the lake bottom were dead but the bullheads were 

alive. Water samples collected on September 23 at three locations for 

rotenone analysis (after Post 1955) had concentrations ranging between 

!:!f Mention of brand names does not constitute product endorsement by the 
Minnesota Department of Natural Resources 
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0.03 and 0.04 mg/l. At the lake surface the water temperature was lJ.5 C, 

the total alkalinity 77 mg/l, and the pH 8.9 

On September 25 the confined bullheads were still alive so on Septem-

ber 26 .:che lake was retreated at the same rate with the 2. 5 percent rote

none formulation Pro-noxfishV Although the pop~ation was further reduced 

the bullhead kill was still incomplete (Tables 1-3). The second treatment 

yielded no additional observations of surfaced northern pike or fathead 

minnows but some fa the ad minnows were taken in the seine and minnow traps 

the following summer. Water samples collected on September 29 had rotenone 

concentrations ranging from 0.01 to 0.04 mg/l and by October 7 concentra-

tions were less than 0.01 mg/l. 

Impact on Zooplankton 

The rotenone nearly obliterated the plankton Crustacea and there was 

no sign of recovery by October 21, 29 days after the Chem-fish treatment 

and the last sampling date in 1975 (Figure 3). On the three sampling dates 

following the treatment (covering the period September 23-0ctober 21) plank-

ton Crustacea numbers were 0 to 1.4 percent of those recorded on September 

9, 13 da.ys before treatment. On September 9 the crustacean community was 

dominated by calanoid copepods followed, in order of decreasing abundance, 

by copepod nauplii, Diaphanosoma, Bosmina, and cyclopoid copepods. Daphnia 

which was present in moderate numbers earlier in the summer had been absent 

from samples for some time. On September 23, the day after the Chem-fish 

treatment, Ceriodaphnia (not present in September 9 collections) and Cyclopoida 

were the only crustaceans present in samples but were sparse. No crustaceans 

Mention of brand names does not constitute product endorsement by the 
Minnesota Department of Natural Resources 
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Table 6.- l'ieA..ri number of ber..thic macroinvertetirates per square meter in Carls Lake; standard error (n=3) 
in parentheses 

1974 1972 1976 1977 
Apr. July Nov .. May July Oct .. May Aug. Oct. May July Oct. 

24 31 6 6* ~o S**- 4 3 13 10 26 is· 
Coleoptera 

Dytiscidae 0 .. 8 o.a 1.6 
(o.g) (o.s) (1.6) 

Laccophilus - - - - 0 .. 5 
(0 .. 5) 

Gyrinidae 
Dineutus - - - - 0 .. 5 

(0.5) 
Haliplidae 2.4 1.6 

(0) (1.6) 
Hali plus - - - - - - - - - 48 I 

1\) (8) 
iJ 

Hydrophilidae 3.2 
(2 .. 1) 

Berosus - - 0.5 
(0 .. 5) 

Collembola - - - - - - - O.B 
(0.8) 

Diptera 
Ceratopogonidae 96 91 206 356 33 64 98 328 378 828 224 210 

(32) (17) (5) (33) (10) (8) (16) (40) (40) (56) (23) (26) 
Chaoboridae 

Chaoborus - - - - 40 208 87 556 1,014 187 - 2 .. 3 
(2) (12) (3) ( 80) (90) (5) (l.4) 

Chironomidae 
Chironominae 

Chironomini 
Chironomus 65 216 794 346 700 194 33 2,573 350 69 275 819 

(6) (27) (75) (40) (85) (16) (4) (36) (29) (15) (130) (86) 

(continued) 

* Following wi::i.terkill 
** 16 days after Chem-fish treatment 



Table 6 (continued) 

1974 1972 1976 1977 
Apr .. July Nov. May July Oct .. May Aug .. Oct .. May July Oct .. 

24 ;21 6 6* :20 8** 4 :2 1:2 10 26 18 
Cryptochironomus 86 59 151 118 50 12 - 3 .. 2 59 97 6 .. 4 388 

(9) (13) (6) (8) (20) (3) (J. 2) (5) (4) (2.1) (14) 

Cryptocladopelma 1.9 19 - 11 0 .. 5 - - 2 .. 4 0 .. 8 ry ") 
I•"- 2.4 

(1. 9) (5) (7)" (0 .. 5) (L.4) (0 .. 8) (2 .. 4) (L4) 

Einf eldia - o.8 - o .. B 1.9 - - - - - 0 .. 8 
(0 .. 8) (0.8) (L3) (0 .. 8) 

Endochironomus 0.5 - - 1..4 117 - 0 .. 8 - 6 .. 4 - 1.6 119 
(0 .. 5) (0.8) (24) (0 .. 8) (2 .. 9) (0. 8) (37) 

I 
l\) 

Glyptctendipes 17 12 2 .. 4 5,, 7 74 36 307 111 1 .. 6 134 257 ()) -
I (3) (5) (2 .. 4) (1.7) (28) (23) (39) (30) (L 6) (101) (79) 

La.uterborniella - - - - - 0.5 
(0. 5) 

Parachironomus - 5 .. 3 - 149 13 - L6 - - - 0 .. 8 
(2 .. 4) (34) (5) (0. 8) (0.8) 

Polypedilum 16 318 232 33 10 - - 8.8 - 84 22 14 
(14) (71) (56) (2) ( 1-i.) (3 .. 5) (23) (7) r (4) 

Tanytarsini 2,,9 
(Lh) 

Paratanytarsus - - - 20 - 23 14 - 670 4,.0 686 
(10) (2) (6) (376) (2.1) CL+70) 

Tanytarsus - - 0.5 2 .. 4 - - 4~0 53 851+ - 59 
(0.5) (2 .. 4) Oi.~ o) (5) (113) (13) 

(continued) 



Table 6 (continued) 

121~ l272 1976 l977_ 
Apr. Jt:ly Nov .. l"'iay July Oct. May Aug .. Oct .. May July Oct. 

24 31 6_ 6* 30 8** 4 3 13 10 26 lB 
Orthocladinae 

Brill is_ - - - - - - 0.8 
(0 .. 8) 

_C \)IX! l 0!_~ UX:§:_ - - - - - - - - - - - L6 
(0.8) 

CricotopuG - - - 34 1.0 - 0.8 
(3) (1.0) (Oa8) 

Heterotrissocladius - - - - - - 0 .. 8 - - O.B 
I (o. 8) (0 .. 8) 

!\) 

'? Parametriocnemus 129 - - - - - - - - - - -
(37) 

Trissocladius - - - 0.5 - - - - - - - -
(0.5) 

Tanypodinae 
Coeltanypuf> - - - - - - - - 17 21 1.6 16 

(7) (3) (1.6) (6) 

Procladius 1,191 810 2,795 1,990 355 165 285 299 594 1,358 146 329 
(90) (53) (205) (93) (54) (10) (23) (22) (39) (50) (15) (8) 

Unidentified - - - - 11 - - 1.6 - - 18 29 
(3) (0 .. 8) (7) (2) 

Tabanidae - - - - - - 1.6 
(0.,8) 

(continued) 



Table 6 (continued) 

127~ 1972 1976 1977 
Apr. July Nov. May July Oct. ~fa.y Aug., Oct .. May July Oct .. 
2~ ,21 6 6* ,20 8** ~ .2 12 10 26 H~ 

Ephemeroptera 
Caenis 5 .. 7 - 48 11 56 17 L.6 10 97 72 181 245 

(1..9) (24) (2) (5) (4) (0 .. 8) (5) (l~) (16) (32) (39) 

Callibaetis - - 0.5 - 5 .. 3 - - 4.6 85 L6 37 37 
(0.5) (1..3) (1..2) (19) (1.. 6) (10) (12) 

Unidentified - - - - - - - - - 1..6 
(L6) 

Hemiptera 
Corixidae 1.2 - 12 - 8.6 1.6 - - o .. 8 - 0 .. 8 18 

I (0 .. 9) (7) (L.7) (0 .. 8) (0 .. 8) (0. 8) (7) 
\,..) 

0 
I Notonectidae. - - - - - - - 0,.8 

(0. 8) 

Lepidoptera - - 0 .. 5 - 6.7 2 .. 4 1 .. 6 0.8 O .. B o .. 8 20 10 
(0 .. 5) (2.5) (1..4) (0 .. 8)(0.8) (0 .. 8) (0.8) (3) (4) 

Trichoptera 
Legt:.oc§rus 8 .. 6 

(4 .. 0) 

Oecetis 6 .. 5 7 .. 0 23 2.9 22 2.9 - 1..6 1..6 - 4 .. 8 289 
(1..8) (2.2) (rt) ( , (0.8) (6) (1.8) (0~8) (0.8) (3,, 7) (4) 

Zygoptera 
Kl1.allagma 1.4 - - 0 .. 5 25 34 23 h6 1,..., 

..J... { 6.4 45 31 
(0 .. 4) (0.5) (4) (4) (1) (12) (5) (h.2) (15) (3) 

Amphipoda 
Hyalella azteca 109 1.0 104 29 271 4.8 12 85 1,183 575 559 1,947 

(21) ( o. 5) (20) (4) (34) (1.4) (4) (9) (43) (248) (20) (210) 

(continued) 



Table 6 (continued) 

197fi 197L:; 1976 1977 
Apr .. July Nov. May July Oct .. May Aug .. Oct. May July Oct. 

24 31 6 6* 30 ~~- 4 3 13 10 26 18 
Hirudjnea L4 LO 

(0 .. 8) (1..0) 
Erpobdella punctata - 1..4 232 176 59 56 20 56 128 34 

(0.8) (5) (11) (3) (5) (2) (14) (19) (5) 

Helobdella fusca - - - - - - - 0 .. 8 0.8 
(0.8) (0.8) 

stagnalis - 0 .. 8 86 23 4 .. 8 18 10 4 .. 0 151 10 
(0. 8) (14) (9) (2 .. 8) (4) (4) (2.1) (26) (5) 

I Placobdella rugosa - - 27 - - 3 .. 2 - - 14 
w (2) (1..6) (2) 
~ 
I 

Hydr:icarina 0.5 - 2.9 - 6.2 0 .. 5 - - 18 4 .. 0 4.8 6.4 
(0 .. 5) (2 .. 2) (1.3) (0.5) (3) (2.1) (3.7) (1.6) 

Oligochaeta 28 52 152 190 74 545 116 73 791 243 155 85 
(3) (8) (21) (39) (10) (176) (8) (11) (55) (59) (26) (17) 

Pelecypoda - - 2 .. 1+ - - - - - 5.6 1..6 o .. B 
(1.. 2) ------------- ----·-----·---- ----

(4 .. 4) (1.6) (0.8) 



were found on October 7 and on October 21 only a few cyclopoids were found. 

Calanoid copepods were sparse throughout the 1976 season and in 1977 

attained peaks near their prewinterkill peak densities of 1974 but never 

retained their prerotenone abundance. Instead, cladocerans (primarily 

Daphnia) came to dominate the community in 1976. Anderson (1970) found 

it took 1 to 3 years for plankton Crustacea species to retain prerotenone 

abundance in two alpine lakes and suggested rotenone to be more devastating 

to species not having reached their annual reproductive peak. The upsurge 

of Daphnia early in 1976 was perhaps possible because of an abundance of 

resistent ephippial eggs formed before the population collapse in June 

1975, long before the rotenone treatment. 

Given the low abundance or absence of rotifers in late season samples 

in all four years, the highly cyclic nature of rotifer populations, and 

the long sampling interval which did not adequately detect population 

pulses, the data are inconclusive on the immediate effect of .the rotenone 

on rotifer abundance. Keratella, the only rotifer found in the two 

samples previous to the first rotenone treatment, was present the day 

after treatment but it is not known if the specimens were alive at the 

time of collection (Table 7). · Keratella has been reported to be generally 

unaffected by rotenone (.Anderson 1970; Neves 1975). 

On an extended time basis it does not appear that the rotenone had a 

detrimental impact on rotifers as a whole. There was a strong pulse of an 

unidentified rotifer on October 21 (29 days after the first treatment) and 

Keratella was abundant the following spring. However, Cortochilus, which had 

strong pti.lses in the prerotenone period of 1974 and 1975, was scarce in 

1976 and, as all rotifers were, in 1977 samples. Instead'Keratella, 
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and an unidentified rotifer dominated the 1976 collections. The 

shift in was related to the treatment although 

Neves (1975) reported to be little affected by rotenone. The low 

rotifer abundance noted in 1977 is an but low abundance of 

large flagellates, green 

Table 4. 

on Bbttom Fauna 

, and centric diatoms as 

Although the rotenone did not eliminate any bethic 

shown j_n 

that 

was reasonably common in samples before the treatment appears that it 

might have caused a temporary reduction some species and in the ·total 

number of macroinvertebrates inhabiting Carls Lake By far the lowest 

mean total number of organisms in fall samples was collected in 1975 two 

weeks after the treatment and the following spring the lowest total for 

spring collections occurred (Table 5). In 1975 after the winterkill, 

there was an increase in the number of taxa present in the spring and 

summer collections followed by a reduction after the rotenone treatment. 

M:any of the more common organisms exhibited their lowest fall and 

spring densities in 1975 and 1976, respectively, but the sharp contrast 

between the 1974 and 1975 fall totals was due mainly to a large reduction 

in Procladius (Table 6). Conversely, a few taxa showed increases from fall 

1974 to fall 1975 but the impact of the rotenone on many organisms could 

have been obscured because of the winterkill as some were perhaps more 

strongly on the increase, as a result of the bullhead reduction, than the 

1975 fall samples indicated. Comparison of summer densities would seem 

to support this possibility but the uncertainty in comparing summer stand

ing crops of unstable insect populations is large. 
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Table 7. - Mean number of rotifers per liter in Carls Lake; letters beneath 
values indicate taxa in order.of 
taxa in --·-----

626 799 829 157 32 2 266 16 31 
c F K K c c c u u K 
u c C,F F c 
K K u 

1975 5/21 6/3 6/17 7/1 7/15 7/29 8/12 8/26 
y y 

9/9 9/23 10/7 10/21 

3,546 804 117 94 63 3,501 11 84 126 2,259 
C* c p c c C* K K K U* 
K K K F F u B 
u p u K K 

u 

1976 5/18 6/1 6/15 6/29 7/13 7/27 8/10 8/24 9/7 9/21 10/5 10/19 

4,849 2,143 304 189 1,289 2,607 1,174 16 16 
K* K* T u T* U* T* M u 
M L,M M P,S p T u 

C,U K,U K u 1 p 
M 

1977 5/24 6/7 6/21 '7/5 7/19 8/2 8/16 8/30 9/14 9/27 10/13 10/25 

32 32 16 
u 

1/ Chem-fish treatment September 22 
~ Pro-noxfish treatment September 26 

-34-
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Following the 

total number of 

there was a recovery in the 

collected ch was due more to increases in a 

of taxa than to a resurgence of 'Procladius for 

increases in the mean index over 

Most have effect of if on 

most benthic inverebrates to be mild short term ( , Leonard 

19 39 .i Smith 

Campbell 1977) 

Brown and Ball 1943; 

DISCUSSION 

and Olive 

The changes in water noted Carls Lake after the 

were probably largely a result of the 

plankton commtmity structure because of the 

opportunistic feeding black bullheads This 

that nutrient bottom 

that occurred 

the number 

is not to 

cannot be an 

and 

f ac-

tor affecting water in many lakes 

terna te mechanisms existed in shallow Carls Lake f'or ... '""", ............ !:-> 

ones Al

sediment nutrients 

available to phytoplankton that would be less in lakes. 

During periods of and oxygen 

near the sediment surface of Carls Lake, amounts of 

phate and ammonia were released from the sediments and 

persed in the water column when wind disrupted the thf;rmal barrier In 

deep lakes much of the dissolved nutrients released from sediments are 

confined to the tropholytic zone by a 

Perhaps a trade-off occurred if a by 

bottom feeding fish was 

macrophytes. Elodea has been found 

the nutrient of 

of recycling substantial amounts 
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of phosphorus from lake sediments (Shapiro, 1977) and macrophytes (including 

Elodea·cartadertsis), which inititally were nearly absent at depths greater 

than 5 ft. in Carls Lake, expanded to occupy virtually the entire lake 

bottom following the bullhead reduction as a result of increased water 

transparency. In deeper lakes the proliferation of macrophytes should be 

less extensive. 

Past experience with lake reclamation in Minnesota led to the antici

pation of a more rapid and dramatic response to the bullhead reduction than 

was observed in Carls Lake. The growth form of the Aphanizomerton possibly 

moderated the influence grazing zooplankters had on algal densities if 

clumped filaments are resistant to grazing. In 1974 the Aphanizomerton 

was not observed in the characteristic clumps, however, during the post

winterkill period it was always clumped at times of high density. Thus 

it may have avoided· some grazing pressure. Similar cases where ·Aphanizomenon 

clumping has been related to high Daphriia abundance are reviewed by Shapiro 

Shapiro (1979). 

The postwinterkill improvement in Carls Lake water quality implied 

by chlorophyll concentrations and secchi disc transparencies was likely, 

on occasion, not apparent to the casual observer. The clumping of Aphanizomenon 

filaments was undoubtly responsible for an inexplicable portion of the im

provement in secchi disc visibility because the clumped filaments of the post

winterkill period were less restrictive to light than the solitary filaments 

in 1974 which imparted a dense hue to the water. Also, the previously dis

cussed paradox of the relatively large discrepancies between chlorophyll 

concentrations and Aphanizomenon counts in September 1976 and July 1977 

are noteworthy but remained unresolved. 
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The significance of the severe decline in depth of Carls Lake during 

the final two years (Figure 1) to the findings of the study is not altogether 

clear but was probably not large. Although Rawson (1955), in comparing 

several lakes, showed mean depth and productivity to be generally negatively 

correlated, the cause of the depth decline of Carls Lake may have been part

ly self compensating. A decline in lake volume would lead to increased 

nutrient concentrations in the water column if the influx of nutrients f'rom 

internal and external sources did not decline. However, the cause of the 

reduced lake volume was a severe lack of precipitation which brought about 

reduced lake levels regionally and an accompanying consequence of the drought 

should be a reduction in the influx of nutrients from the fertile agric\lltural 

watershed through surface runoff and groundwater flow. However, input from 

internal sources in 1976 and 1977 when precipitation was. greater apparently 

did not influence chlorophyll concentrations. 

-37-



LITERATURE CITED 

Anderson, R.S. 1970. Effects of rotenone on zooplankton communities and 
a study of their recovery patterns in two mountain lakes in Alberta. 
J. Fish. Res. Bd. Can. 27(8):1335-1356 . 

.Anonymous. 1968. An inventory of Minnesota lakes. Minn. Dept. Conser., 
Div. Water, Soils, and :Minerals Bull. No. 25, 498 p. 

Brown, C.J.D. and R.C. Ball. 1943. An experiment in the use of derris 
root (rotenone) on the fish and fish-food organisms of Third Sister 
Lake. Trans. Am. Fish. Soc. 72:267-284. 

Carlson, R.A. and J.B. Moyle. 1968. Key to the common aquatic plants of 
:Minnesota. :Minn. Dept. Conserv. Special Publ. 53, 64 p. 

Cushing, C.E. and J.R. Olive. 1957. Effects of toxaphene and rotenone 
upon the macroscopic bottom fauna of two northern Colorado reservoirs. 
Trans. Am. Fish. Soc. 86:294~301. 

Galbraith, M.G. Jr. 1967. Size-selective predation on Daphnia by rainbow 
trout and yellow perch. Trans. Am. Fish. Soc. 96(1):1-10. 

Gerking, S.D. 1962. Production and food utilization in a population of 
bluegill sunfish. Ecol. Monogr. 32:31-78. 

Hall, D.J. 1964. An experimental approach to the dynamics of a natural 
population or·naphnia·galeata mendotae. Ecology 45:94-112. 

Hilsenhoff, W.L. 1975. Aquatic insects of Wisconsin with generic keys 
and notes on biology, ecology, and distribution. Wis. Dept. Nat. Res. 
Tech. Bull. No. 89, 52 p. 

Houf, L.J. and R.S. Campbell. 
on macrobenthos in ponds. 
Control 80, 29 p. 

1977. Effects of antirnycin A and rotenone 
U.S. Fish Wildl. Serv. Invest. in Fish 

Hutchinson, B.P. 1971. The effect of fish predation on the zooplankton 
of ten Adirondack lakes, with particular reference to the alewife, 
~·pseudoharengus. Trans. Am. Fish. Soc. 100(2):325-335. 

Jessen, R. and R. Lound. 1962. 
submerged aquatic plants. 
No. 6, 10 p. 

An evaluation of a survey technique for 
Minnesota Dept. Conserv. Grune Invest. Rep. 

Lrunarra, V.A. 1975. Digestive activities of carp as a major contributor 
to the nutrient loading of lakes. Verh. Internat. Verein. Limnol. 
19:2461-2468. 

-38-



-

Leonard, J .W. 1939. Notes on t·he use of derris as a fish poison; Trans. 
Am. Fish. Soc. 68:269-280. 

Megard, R.O. 1970. Lake Minnetonka: nutrients, nutrient abatement, and 
the photosynthetic system of the phytoplankton. Univ. Minn. Limnol. 
Res. Center Interim Rep. 7, 210 p. 

Olson, D.E. and L.J. Koopman. 1976. Interactions of three species of 
bullheads (under commercial exploitation) and associated panfishes in 
a eutrophic lake. Minnesota Dept. Nat. Res. F'ish. Invest. Rep. No. 
337, 87 p. 

Neves, R.J. 1975. Zooplankton recolonization of a lake cove treated with 
rotenone. Trans. Am. Fish. Soc. 104(2):390-393. 

Post, G. 1955. A simple chemical test for rotenone in water. Frog. Fish
Cul t. 17(4):190-191. 

Rawson, D.S. 1955. 
of large lakes. 

Morphometry as a dominant factor in the productivity 
Verh. Internat. Verein. Limnol. 12:164-175. 

Shapiro, J. 1977. Biomanipulation - a neglected approach? Presented at 
Plenary Session of 40th Annual Meeting of Am. Soc. Limnol. Oceanogr., 
Michigan St. Univ., June 20-23. Mimeo. 14 p. 

Shapiro, J. 1978. The need for more biology in lake restoration. Pages 
161-167 in Lake Restoration, Proceedings of a National Conference, 
USEPA, Miiin.eapolis, Aug. 22-24. 

Shapiro, J. 1979 The importance of trophic level interactions to the 
abundance and species composition of algae in lakes. Presented at 
SIL Workshop on Hypertrophic Ecosystems, Vaxjo, Sweden, Sept. 10-14. 
Contribution No. 218 from Limnol. Res Center, Univ. Minn. Mimeo. 
26 p. 

Shapiro, J., V. Lamarra, and M. Lynch. 1975. Biomanipulation: an eco
system approach to lake restoration. Pages 85-96 in P.L. Brezonik 
and J.L. Fox (eds ), Proceedings of a Symposium on-Water Quality 
:rJfanagement Through Biological Control, USEPA and Univ. Florida, 
Gainesville, Jan. 23-30. 

Smith, M.W 1940. 
Am. Fish. Soc 

Copper sulphate and rotenone as fish poisons. 
69:141-157. 

Trans 

Sorokin, J.I. 
animals 

1968. The use of 14cin the study of nutrition of aquatic 
Mitt. Internat. Verein Limnol 16, 41 p~ 

Strickland, J .D.H and T .R Parsons 1968. A practical handbook of sea 
water analysis. Bull Fish. Res. Bd. Can. 167, Jll p. 



U.S. Environmental Protection Agency. 1974. Manual of methods of chemical 
analysis of water and wastes. USEPA, Washington D.C., 298 p. 

Walters, C.J. and R.E. Vincent. 1973. Potential productivity of an alpine 
lake as indicated by removal and reintroduction of fish. Trans Am. 
Fish. Soc. 102(4):675-697. 

Warshaw, S.J. 1972. Effects of alewives (Alosa pseudoharengus) on the 
zooplankton of Lake Wononskopomus, Connecticut. Limnol. Oceanogr. 
17(6):816-825. 

Wilhm, J.L. and T.C. Dorris. 1968. Biological parameters for water 
quality criteria. BioScience 18(6):477-481. 

ACKNOWLEDGEMENTS 

Chemical analyses were conducted at the Minnesota Division of Fish 

and Wildlife chemistry laboratory under the direction of Robert Glazer. 

Duane Shodeen, lvtinnesota Division of Fish and Wildlife, directed the 

reclamation project and dffered suggestions in the planning of the in-

vestigation. Joseph Shapiro and Eric Smeltzer, University of lvtinnesota, 

offered suggestions in data analysus. Warren Scidmore, lvtinnesota Divi-

sion of Fish and Wildlife, reviewed the manscript. John Skrypek, lvtinnesota 

Division of Fish and Wildlife, had input into all phases of the investi-

gation. 

-40-




